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PRODUCT DESCRIPTION 


This document describes the hardware and software installation of 
the WD1O06-WAH, a 16-bit disk controller for the IBM Personal 
Computer AT or AT-compatible computer. The WD1006-WAH's drive 


interface conforms to ST506/ST412 specifications. An advanced 
design implements the WD1006-WAH's most significant feature, 1:1 
interleave. Refer to the "If You Have a Problem..." section for 


further information on the importance of interleave. 
There are two versions of the WD1006-WAH: 


Feature 001 (F001): Cacheing firmware, NO 
wait state generator. 

Feature 002 (F002): Cacheing firmware, wait 
state generator. 


HARDWARE INSTALLATION 


This section briefly describes installation of the WD1006-WAH. 
If the disk drive(s) is (are) being installed internally, it is 
best to locate the controller in the closest available expansion 
Slot relative to the drive. 


CAUTION 


Handle the controller board by the ends of the 
board. Some of the chips are static sensitive 
and damage may occur if the board is incorrectly 

handled. 


Verify the controller jumper settings. Only verify the settings. 
Modification of the standard factory settings is rarely 


necessary. Modify jumpers only under the direction of a 
qualified individual, i.e. your dealer. Refer Table 1 for fur- 
ther information on jumper settings. Figure 1 -illustrates the 


locations of the jumpers. 


al ta yy der ae AS INFORMATION SUBJECT TO 


LL LL A TT A SS NS SUESTES NITED CUTER SEEEENSS GEER GEEESUTSS GIUIRINEY GEETEEES GREHERE GEEEOUED GREENE GEESE SEINEUIREY GREENE GENERORED CONES: GREEN GUO GROEERED Ge EE GEE OED GED GEES coEnS GESTED Game SORE GD GS e aoe eee eee ee eure eee aoe eeeeee eee 


JUMPER 


W1 


W2 


W3 


W4 


W5 
through 
W8 


W9 


W10 


watt wl 


SR Lea, ee NAR Un OROR RYT ROP LDS NER SSR TEI Re DOSE SE ME TST REY TTT OT NT Teer EPSON AT RPT PEONTTT? VOTO STO OEP ONO H btn 


PIN 


CONNECTS 


L=2 


JUMPERED 


NO JUMPER 
NO JUMPER 
1-2 


NO JUMPER 


LZ 


ee 


1. JUMPER SETTINGS 


FEATURE | | 
NUMBER _ | DESCRIPTION | 
a we ee 
All |Sandard setting. Supports] 
Features|16 heads. No REDUCED WRITE 


| CURRENT (RWC). 
[Supports 8 heads and RWC. 


| 

FOOL |Not used with FOOl. F001 
|FOOl does not contain the 
[wait state hardware. 


FOO2 [No wait states requested. 
F002 |1 wait state requested. 
F002 |2 wait states requested. 

| 
All [Standard setting. Selects 


| 
| 
| 
| 
| 
| 
| 
| 
| 
: | 
Features|primary ports. | 

[Selects secondary ports. | 

| NOTE | 

{| DOS supports only two | 

| drives. Modification | 

| of the device drivers | 

| is necessary to sup- | 

| port more than two | 

| drives. Contact your | 

| dealer or distributor | 

| for information on | 

| third party software that 

| modifies device drivers. | 

| : | 
All | Drive LED is not latched, 
Features| i.e. LED lights for drive 

| selection. REMOVE W10 | 

| IF W4 IS INSTALLED. 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


: 
All Reserved for WD1006-RAH. | 
Features | 
| 
All Enables cacheing for FOO1l 
Features| and F002. | 
FOO1, Disables cacheing. | 
FOO2 | 
| 
All Factory setting. Non- | 
Features| latched mode. | 
All | Latched mode. | 
Features | | 
| | 
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Verify termination on last drive. Verify proper setting of drive 
select switches. Do NOT use the drive's radial select option. 
Refer to the drive owner's manual for information about proper 
drive termination and select switches. 


Remove the blank expansion slot bracket. Put the bracket away 
and save it for possible future use. The screw will be used to 
hold the controller board in place. 


Attach the 34-pin control cable connector to J4. Ensure that pin 
1 on the cable and controller connector match. 


Connect control connector to drive. 

Attach drive 0's 20-pin data connector to J3. 
Attach drive 1's 20-pin data connector to J2. 
Connect the cable(s) tp the proper drive(s). 


Attach the Winchester activity LED connector to Jl. Jl is a re- 
versible connector. 


Install the controller board into the expansion slot. Ensure 
that the board is seated properly by pressing down on both ends 
of the board. Secure the board with the bracket screw. 


Software Installation Instructions 


This section contains instructions for preparing (low level 
formatting) the drive to be recognized by the operating system. 
Formatting the drive uses one of two software programs, the IBM 
Advanced Diagnostics (or equivalent for AT compatibles) or 
WDFMT.EXE. (Contact your dealer for a copy of WDFMT. If your 
Gealer's name, address, and telephone number is not written on 
the back cover, make a quick note of the information yourself. 
Western Digital does not distribute WDFMT to end users.) 


Insert your system diagnostic diskette (or equivalent). 
Turn on the system power. 


Boot diagnostic and setup option. 


CAUTION 
Avoid system damage by consulting your Technical Reference 
Manual to ensure that a drive type is supported by. 
your host Basic Aged uput System (BIOS) ROM drive 
tables. Not all AT-compatibles share the same drive 
tables as IBM. 
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Set up the system for the proper configuration of diskette and 
fixed drives, base memory size, expansion memory size, and 


display. 


NOTE 

The following step requires execution of low level for 
matting. Use of Advanced Diagnostics (or similar 
Bane for |BM-compatibles) is necessary since the 

1006-WAH contains no on-board BIOS ROM. IBM 
Advanced Diagnostics will not_format a drive at 1:1 
interleave. Use of WDFMT, SpeedStor from 
Storage Dimensions, Disk Manger from Ontrack, or 
similar software is necessary to format the drive 
at 1:1 interleave. Contact your dealer for | 
further assistance. Finally, formatting a drive 
destroys any data on the drive. If your drive 
contains useful data, backup the drive before 
execution of the low level format. 


Insert your Advanced Diagnostics diskette (or equivalent) and ex- 
ecute low level format. Follow the menu and reference manual 
instructions. 


Load and execute the FDISK and FORMAT programs. Follow the menu 
and reference manual instructions. 


If You Have a Problem... 


Listed below are some common problems. 


PROBLEM: 


CAUSE: 


PROBLEM: 


CAUSE: 


PROBLEM: 


CAUSE: 


PROBLEM: 


CAUSE: 


PRELIMINARY. DOC 
| CHAN 


"Nothing Done Exit" message appears when formatting the 
drive. 


"y'' was not pressed. Initiate formatting procedure 
again. Be sure to press "y", 


Drive does not partition. 


Check drive types. Note that the drive types for the 
AT and Compaq machines differ. 


"Error Reading Fixed Disk" appears when booting from 
hard drive. 


DOS partition not active. 
Winchester activity LED continuously lit. 


No problem! This is normal operation for ATs. 
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PROBLEM: 


CAUSE: 


PROBLEM: 


CAUSE: 


PROBLEM: 
CAUSE: 
PROBLEM 


CAUSE: 


PROBLEM: 


CAUSE: 


PROBLEM: 


AUSE: 


PROBLEM: 


CAUSE: 
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Error code 1701. 
Power supply is overloaded. 
Error code 20. 


Controller component malfunction. Controller plugged 
in incorrectly. Cables reversed. For controller 
failures, contact your dealer. 


Error code 40. 
Wrong drive type. Not enough drive power. 
Error code 80. 


Not enough drive power. Bad cables. Improper drive 
select or termination. Bad drive. 


DOS returns a seek or ID not found error. 


One possible cause of this problem is a minor incom- 
patibity between the WD1006-WAH and the older WD1003- 
WAH. If the drive has more than eight heads, for in- 
stance, a 16 head drive, the WD1003-WAH numbers heads 8 
through 15 as 0 through 7 in the media's ID fields. 
Contrawise, the WD1O006-WAH numbers heads 8 through 15 
as 8 through 15. To solve the problem, backup and 
reformat the drive. This is not manifested in drives 
with less than eight heads. If this is not the cause 
of the error, then you have a drive problen. 


Slow and inefficient operation. 


The biggest culprit for this problem is an incorrect 
interleave factor. Therefore, some experimentation 

with the interleave factor may be necessary. (Refer to 

the format instructions for setting interleave factor.) 
Interleave factors are very dependent on the host 
operating system and application. 


Western Digital technical support line is always busy. 


Consult your dealer first. Use our technical support 
only if your or the dealer's troubleshooting failed. 
If the dealer's number is not written on the back 
cover, make a quick note of the number yourself. 
Thanks. 
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1.06 SCOFE 


This decument describes the functional, electrical and logical design 
characterieticse of the WD10O046—-WAH Winchester Disk Controller module. The 
beerd is used te interface two ST-41e compatible fixed dist drives ta the 
PC-AT computer I/Q Channel bus structure. 


The moedule includes the WDS010 Winchester Disk Controller, the WDi0O15S 
Ruffer Manager Control FProcesser, a WD10C29 Read/Write Contreoller, RA™ 
eector buffer memery and assecciated control logic. The design features a 
Buffer Manager and Control. (AMAC) gate array for medule legic reducticn 
and to allow data transfers ta occur with a i:i sector interleave faermat. 


Portions of the WD1015 control precesser protocel] specification (firmware) 
are included as a part of this document as is a description of the medule 
self-test operation. Seftware which resides in the PC processor (either 
test or operatianal) or is installed in the module BIOS ROM is not 
included as a part eof this decument. 


2.0 APFLICABLE DOCUMENTS 


e€.i WDI90E-WOH BOGRAD DOCUMENTS 


61-000148 P/L & Assembly 

60-000116 FWE Fabrication 

65-600135 ‘ Artwork, PCR; e Layer 
96-0003839 Test Specification 

HKmHMMMMM Test Precedure 

68-O000149 ; Schematic Diagram . 8 


2.2 COMFQONENT DOCUMENTS 


WDS010 Winchester Dist Controller 
WO10CECO Read/Write Controller 


62-002039-80 WD1015-PLxx-xx Buffer Manager Control Processor 
96-000034 AMAC Specification 

68-000147 AMAC TTL Schematic Diagram (Reference only) 
GE—-XXXXXX | FAL Specification; Address Decoder (U17) 

- FE-XXXXXX PAL Specification; BIOS ROM Option (U25) 
DE-XXXXXX PAL Specification, Wait State Contreal (U16) 


WD1015-PL17-O0e Firmware Listing 
WOTODe-Wer BIOS Firmware Listings 
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3.0 DESIGN OVERVIEW 
1 HORDWARE OVERVIEW 


The WDIOO6-WEHH Winchestery Diei Controller (reference cede name "CHEETAH 
is a FC-AT bus compatible printed-circuit medule that interfaces two 
ST-412 type fixed disk drives ta the system processor. The module fixed 
disk centrel legic includes the WDSO10 and WDIGIS Winchester disk contre: 
cempcenents, a WOHI0CeD Reac/WVrite (Data) Contreller and twa 6192x8 static 
FAM*s for sector data buffering. 


A primary feature cof the medule is an 84-pin (FC-AT) Buffer Management ar 
Centroel (AMAC) gate array used to minimize the module circuitry and to 
@llow a 1:1 sector interleave data transfer format. Figure 3-1 is a 
simplified bleck diagram cof the fixed disk control legic and each major 
block is briefly described below. The madule logic is fully described ir 


the referenced dcecuments or in subsequent sections of this specification. 


S.1.1 WOEG1O WINCHESTER DIct CONTROLLER 


The BWDEOL1O Winchester Disk Controller (WDC) is an advanced design VLSI 
device that provides the fixed disk drive(s) data and contrel interface 
and secter data buffer cantrol logic. The major features of the device 
include: 


* Multiple sector read/write commands 
* Error Correction Code (ECC) generation and errar correction 


* Programmable format and error recovery algerithms 


~1.6 WD1L5iS BUFFER MANAGER CONTROL PROCESSOR 


G) 


The WD1015 Cantrel Proceesar (CF) is an eight-bit microprocessor (type 
BG2Si) that cperates with the WDS91CG and the AMAC logic array tae aid in 
pracessing the disk commands, ta provide sectear data buffer management, t 
help in error recevery procedures and to perform module diagqnestics. The 
processcer chip includes internal RAM and ROM memcry. 


3.1.3 WD10C29 READ/WRITE CONTROLLER 


Winchester drive read data separation and write data pre-caomaensation is 
performed by the WD10C20 Read/Write Centroeller (RWC). The device contai- 
all of the necessary compenents (except for a few passive external parte 
for complete MEM read/write data control. 


Module legic simplification and peower reduction is provided by a VLSI 
legic array that replaces the standard WD1014 support device and severai 
SSI/MSI cempenents. The internal device logic includes the deta buffer 
address registers and read/write control; WDS010 task file image 
regieters, data buffer registers and interfaces to bath the system and 
medule Clecal) bus structures. 


3.1.5 RAM DATA BUFFER 


Two 8192x8 etatic FAM memeries buffer the sector data between the drive(le) 
and the PC-AT system bus and ECC correction information between the WDSO019 
dick conmtrolier and the WD1015 control preceesor. The sector buffer and 
the abcve contrel components allow a 1:1 sector interleave format for 
optimized system performance. 


3.1.6 SYSTEM BUS INTERFACE 


The medule interfaces te the system tus address; data and 1/0 centrol 
Signals. All fixed disk read/write data transfers are 16 bits wide and 
utilize the hest fast I/0 transfer proteocal. Module control and status 
transfers are 8 bits wide and use the lower data byte (SDO7-00) anly. The 
controller register address map is fixed (at primary or secondary ranges) 
as is the bus interrupt request. 


The system interface elec includes an I/O ‘wait state* control option to 
allow module operation in higher sseed bus systems and a system “BIOS* ROM 
eption ta suppert future drive types or system madificatians. 


3.1.7 WINCHESTER DRIVE INTERFACE 


The cestroller interfaces te the fixed disk drives vie ane 34-pin contro) 
cable and two 20-pin data catklee in caonfermance with standard ST-4ie 
Signal definitions. Drive power is net furnished via the WD1006—WAH 
module. | 
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3.e SOFTWARE OVERVIE?} 


Al}] ceomtroel and datz transfers between the hast precesear and the fixed 
die! controller use syeterm programmed I/O. All data tranefers are ward 
wide (16 bits) and use the system 16-bit fast 1/0 contre] proteceol. All 
centrol and status transactions use the lower data byte only. The module 
address range is fixed (at either of two ranges) as is the cantroller 
pricrity interrupt level assignment. The medule address map and register 
definitions are given in Section 5.6 of this decument. 


3.c.1 FIXED DISK SECTION 
3S.c-i1.1 Command Cantral Flaw 


The Winchester cantroller commands and status descriptors are well 
decumented in the referenced specifications; however, it is very importan: 
te understand the relation between the system ‘hast’, the WDS010,. the 
WDIOLTS and the ANAC suppert registers. A typical command sequence is 
Given below to Help illustrate this relationship. 


* In the idle state, the WDEG010 drive control signals are off, the 
controller status indicates ready, selected drive status is valid; the 
ceomtroller interrupt is enabled (but not asserted)s the AMAC centrol is i1- 
idle with heet drive selectian enabled and the WD10O15 ic 3n idle; waiting 
for tne wakeup signal interrupt. 


* The heet precessor cutputs the command parameters ta the AMAC task file 
image registers and cutputs the aperatian command (seek. reads write, 
etc.) and the cemmand attributes (long mode, retry controls etc.). ‘For 
write aperatians the system processor alsa outputs the sector or format 
data. 


* The command cutput is intercepted by the AMAC and is registered in the 
AMAC command register (although ta the system pracessor it appeared that 
the commend and cemmand parameters were received by the WDSO10). 


* © read command cutput sets the AMAC wakeup control latch causing the 
controller status ta indicate busy and the WD1015 wakeup interrupt to be 
asserted. (‘Write” and “Format* commands set the data request cantroal 
latch (statues signal DRO ascserted) te request the host data transfer. 
Completion of the write data transfer (secter length in bytes) then sets 
the WD1015 wakeup interrupt and busy status. 


* The WD1015 examines the commands verifies command parameters and passe: 
the command to the WItli0 for execution. The heet command avi: wt alec 

removes the AMAC frem the idle state and the system precessor is inhibite 
from altering the drive selecticn until the CP returns the AMAC to idle. 
This feature insures that the host cannet change the selectec drive even 


if the controller is ‘not Busy’ (the case during multi-secta: transfers’. 


lease etindttamalner eobaeend’ baat a bt A te aa ee Pk La manta le ote I a ee XD PPP EG ON DT SRO PONE DO SOE EE SOT NSPE PTET STURN OOOO PT Lids Sn he be aye 2 


* The WDSO1G executes the command previding drive pesitioning, data 
transfer contre], errao- monitering and completion status. Drive 
read/write data contre] is provided by the WD10Ce20 RWC for cammande that 
require data transfer. For multi-sector transfers with ails:1 interleave 
format the WDSO10 and heet will be accessing the sector date buffer during 
the same intervals. Memory access reselution and address cortrol is 
provided by the AMAC control] logic. 


* As eech sectcr operation completes (more than one for multi-eector 
epereticoens)s the WDSO10 interrupts the WD10O15 which again examines the 
cammand; status; etc.,s transfers the sectcer status to the AMAC task file 
image, sets the centreller status te indicate ‘net Busy’ and interrupts 
the system precesser. Far multi-sectoer operations the host data transfer 
will again ‘wakeup’ the cantroller and the cperation continues. 


* On command final completions the WO1015 and AMAC are returned to idle 
and the hast may examine final contreller status, select the alternate 
drives issue new cammands;s etc.. 


3.ec.1.2 Standard Commands 


The WDS010 allows execution ef the standard commands described in the 
WDS010 specification and listed below - refer ta Section 5.0 for the 
WDLQOEé—-—WAH command descriptiane. 


Restore, Seel:. Read Sectcer, Write Sector, Scan ID; Write Farmat;,s 
Compute (ECC) Carrectian and Set (Head and ECC) Parameters. 


Of these, the Scan ID; Compute Correction and Set (Head and ECC) 
Parameters commands are net directly available ta the system processor 
{although they may be executed By the WD191S transparently toa the hast 
pracesscr). - 


3.2.1.3 Non-Standéerd Commande 


Fixed disk commande ta the WD1006-WAH are intercepted by the WD1i015 (with 
the aid of the AMAT legic) and thus commands net specified in the WDE010 
command iisct may be defined. 4 


* Set (Drive) Parameters —- Non-standard cemmand used ta communicate drive 
parameters to the controller. The heads cylinder and sector definition 
for each drive is set by this command. The WD1015 uses the drive 
parameters in the execution of multi-secter commands and in evaluating 
legal controller commands. 


* Read Verify — Command used te verify that a previous write cammand was 
cerrect. Read data is not input by the host processor. The command may 
be used with multi-sector operations. An error condition will abort a 
multi-secter verify om the errer sector. The retry command operand may be 
used with this command. 


* Diagqnestic Cammaend —- The diagnestic caemmand causes the WD1015 ta execute 


an on-board diagnostic pregqram and to report the test results (at the 
WODS010 Error Register Address). 
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3.2.1.4 Multi-sectear Commands 


Multiple sectc> reads write and verify commands cf up te O56 sectors are 
allowed without restriction on track or cylinder boundaries, 
Non-receverable cantrol errerse (drive net ready, write fault, etc.) or 


nen-cerrectable read data errors will terminate a multi-sectar command an 
the centroller expects a ‘new command’ ta continue operatian. Corrected 
read data errors do net terminate the commmand and the controller expects 
a normal data transfer restart and continuation. The “leng* ECC 
diagnostic modes are not used in multi-sector operation. The drive 
BDarameters are checked during the execution ef this commend. 


3.2.1.5 Diagnestic Cammandse 

The centroaller an-beard diagnostic is executed on cammand and verifies th 
WD1015 local stcrage, the sector data buffer storage and the WDiI015, 
WDEG19 and AMAC data paths. Results are encoded and are available ta. the 
systentm processor via the controller errer register - refer ta Section 8.0 


3.e¢-2 EXTENDED MODE OFTIONS 


4.2.2.1 Black Cammands 


3.e.2.c2 Drive Commands 


Te Be supplied 
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4.9 HARDWARE INTERFACE 


Thie section provides detailed hardware interface infermatian for the 
centroeler and includes a signal definition of the external siqnals used by 
the module. The ¢ignals are alse listed in the Appendix along with their 
connecter pin assignments. Further information on each siqnal is providec 
in the referenced literature. 


4.1 SYSTEM BUS INTERFACE 


The PC-AT I/O channel signals used by the WD1006—-WAH are noted below and 
require bath the Pl and Fe system bus connectcrs. 


SAL9—-SAN0 

System Address bus —- Inputs used ta select the medule bus 1/0 addresses 
and BIOS ROM address. The module decodes the lower I/0 address input 
terme (SAON9-00) ta select the task file and support registers. The upper 
bits are used te select the BIOS ROM memcory map address. 


SDi5-SD0o 

Syetem Data Bus - Bi-directional siqnals used ta transfer 16-bit fixed 
dist: datas 8-bit medule control and status informaticn and &S-bit BIOS ROM 
data. 


RET 

Addrees Enable —- Input contrel signal that indicates a valid I/0 address 
is on the system bus. The controller decede logic uses this term to 
qualify the I/O address decoding. 


FALE 

Bus Address Latch Enable —- Input central signal used te initiate a system 
bus date transfer. The AMAC legic uses this input to generate the system 
tus feet I/0 transfer contrel signal and te enable the high order data 
byte control signels. 


~IOCS16 

I/O Control Signal 16 —- Output signal used te indicate the fast 16-bit 
data transfer mode. The controller asserts this signal for all fixed disk 
Sdata’ transfers. 


IOCHRDY 
I/O Channel Ready —- Output signal used te insert 0, 1 cr 2 wait states in 
the 16-bit data transfer cycle. 


IRG1i4 

Interrupt Request Level 14 —- Controller cutput interrupt level tc the 
processor requesting a data block transfer or indicating command 
cempleticon. The level clears on a subsequent fixed disk cammand to the 
centreller, host status input; programmed reset or a master system reset. 


-IOR 

I/O Read Input read contre] strebe asserted by the system pracessor 
ducire bus “read’ transecticense. The contreller uses the siqnal (along 
with the syetem address Bue deceding) ta enable syetem I/Q reade af bath 
data and status information. 


noatt 


—-IOwW 

If/GQ Write - Input centre] strebe asserted by the system processor during 
buc “write* cycles. The meduie uses this strobe and the decoded bus 
address ta receive Beth data and command information. 


—SMEMR 
System Memory Read —- Input strobe used te enable the KIOS ROM. 


SYSCLE: 

System Clock - System bus cleck used te clock the I/0 wait state control 
leoqic. 

Reset 

Reset — Input medule reset used to initialize the WD5910, WD1015 and AMAC 


devices. clear the interrupt level and tec halt Grive cperation. When 
reset clears, the WDI0i5S will automatically execute an-beard diagnostic 
tests and load the test result status in the fixed disk error register. 


4.2 FIXED DISK DRIVE INTERFACE 


The Winchester drive control and data (ST-41e) interface is well 
decumented in the referenced literature and is included here for dacument 
completeness only. | 


4.2.1 CONTROL CABLE 


DS.-/e= 

Drive Select —- Frimery output contrei signal used ta connect a drive 
interface ta the control signals. The WD1IO06—-WAH isc limited te drive 1 o 
2. The signals are negated by the contrel precesseor fellowing a system 
master oar programmed reset. The drive can only be selected by the host 
and then only when the AMAC is in the idle state. 


HS3=7 = 

Head Select - Binary-coded cutput head select signals (from the WD1015 
enly) allawing drives with up te sixteen R/W heads ta be attached ta the 
controller. 


WS- 

Write Gate -— Write enable cutput control level tao the selected drive. Th 
Signal is negated by a write fault condition and by a master or programme 
reset. 


STEF— | 
Output step Signal te the selected drive for R/W head positicaning- The 
eter rate 1s pregrammable in the WDSO10. 
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DIRIN- 
Directicn In - Step direction control signal to the selected drive. When 
esserted (low) the step direction i¢ ‘in’ or toward the center af the 


Sst 

Seek Complete — Cantral signal from the selected drive asserted when the 
R/w heads are stable on the final track. The signal 15 monitored by the 
wWoDL9 during seer and restcre commande and during the inmclied *seet” for 
read/write commands. 


TREOQO- 

Track 00 —- Positioning signal fram the drive indicating R/W head location 
at the cutermest data track. The signal is monitored by the WDS5010 
following drive ‘restore* commands. 


WF — 
Weite Fault - Signal from the selected drive indicating a fault conditia: 
avy the crive which inhibits further writing (or stepping: tia the drive. 


INDEX— 

Index —- FPesitianing signal from the drive that occurs once per drive 
revelution and used by the WDS010 for command timeout and track 
formatting. The index siqnal is availahle (nan-latched) ta the hoaet in 
the status Byte. 


RDY—- 

Drive Ready —- Control signal from the drive indicating the drive is ready 
and that the I/G contral signals are valid - available toa WD50210 and to 
heet controller statue. 


4.2.2 DATA (Radial) CABLES 


RMFMi/26+5-) 

Fead MFM — Differential read date input from each drive. The data 
received from each drive is gated by tne drive select signels and is inpu 
to the WD1iOCeO RWC for data/clock separation. 


WMFM1I/2(+s-) 

Write MFM —- Differential signal tc each drive that defines the data/ cloc 
transitions te be written on each track. The write data is 
pre-conditicned by the RWC. 


NOTE: The ST-41le2 ‘drive select 3/4%° control lines are not implemented; 
thus, attachec ¢crives must be configured as drive unit 1 ¢7 Genly. The 
HS3- signal (head select 3) 16 a dual purpose central line and may be 
selected toa reflect the state of the WDS5010 ‘reduced write current’ 


control line (see lagic diagram for jumper positianing). 
4.3 INDICATORS 
LED+/- 


LED Indicator(s) —- External indicator signals used te previde visual © 
indication of fixed disk activity. 
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SOFTWARE INTERFACE 


©.1 REGISTEF ADDRESS MAF 


The 


support registers. . 


IT LOG6-WAK cantroller system 1/0 pert addressee 
Figure 5-1 and includes the WDS010 task file area 
The primary address is listed 


Map ie summarized in 
and the medule auxiliary 
first with the secondary 


address shown within parenthesis ‘(see Section 7.0 for address selection 

jumper installaticn). 
== SS SS SS SS SS SS SS SS SS SS SS Se Se + 
: ADDRESS CHEX): REGISTER $ FUNCTION ; 
SSS == (SS 8 nr ene H 
: 1FO (170) RW i HDDTR ' Hard Disk Data Register (16 bits) ; 
> 1F1 ¢€171) WO + WHDWPC i Write Pre-campensation Cylinder : 
© LF1 ¢€171) RQ t WHDERR i Error Register : 
: iFe (172) Rb | HDSOT » Secter Count i 
(| IFS (173) RW + HDESI. 1 Starting Sector Number 
: 1F4 (174) RW: HDCLL > Cylinder Number —- Low Byte ; 
1 IFS (175) RW it HDCLH : Cylinder Number —- High Eyte : 
; 1F4& (176) RW 3 HDSDH > Sector Size, Drive/Head Select ' 
| 1F7 (177) WO ;: HDCMD 1 Command Register ; 
: 2F? (177) FO | HDSTT > Status Register i 
: SF6 (376) WO i: HDFDR 1 Fixed Disk (Control) Register : 
© SF6& (3746) RO +: HDASHR | Alternate Status Register H 
+ SF7 (377) RO i: HDDIR i Digital Input Reqister : 
+——————————— = ——--— --—- - — - - - — + + 


aee TASE 


FIGURE 5-1 
REGISTER ADDRESS MAF 


FILE REGISTERS 


wJecel REGISTER DESCRIFTION 


Figure S-e summarizes the centroller task file registers (addresses 
1FO/170 through 1F7/177) and their bit assignments with respect toa the 


system processor 


lower 


byte bus terms (SDO7-66). Certain register 


descriptions shown in Figure S-e may differ slightly from the standard 


descriptions contained 


in the referenced WDS010 dacumentatican. It is ver 


important to remember that the host access ta these registers is always 


via the register image cantained within the AMAC array. 


The WD1015 


comtrol pracesear has access to bet! the WOETIC and AMAT recisters. 
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+ — a rr rn + 
(| REGISTER | 7 {$ 6 +: 3S + & + 3B +: 2@ § 1 $ OO Ff 
! HDWEC ? CYLINDER NUMEER7G | 
| HDERR | BED | ECC | O { INF |} © { ACD ! TKO! DNF! 
| HDSCT i NUMBER OF SECTORS tt—~™S ! 
| HDSSN {| «STARTING SECTOR NUMBER” ! 
! HDCLL { | CYLINDER NUMPERLSB tt” : 
! HDCLH | 0 ! 0 ? © t 0 ? © {CYL NUMBER MSE | 
| HDSDH {| 1 { SS1 } SSO! DS2 } HSS! HS2 ! HSI | HSO ¢ 
/ HDCMD =; ”~”~CCOMAND ! 
| HDSTT | BSY ! RDY | WET { SKC | DRO { CRD ! IDX } ERR } 
+————————-—~—-———-—- -—--— — -- — — - - — — - — — - - - - - - + 
FIGURE S-2 


WDEQ1O TASK FILE REGISTERS 
o.2.c COMMAND DESCRIFTION 


The task file command register (HDCMD) accepts the commands and command 
attributes as shown in Figure 5-3. Commands will net be accepted when th: 
caontreller is “busy*, and will terminate without executicen if the drive 
seel: camplete and ready signals are false or if a write fault conditian 
exists at the drive. Undefined command cades will alec terminate with the 
"aberted command* errar. 


4+———~———— — ——— — — — — — — — — —- — — — + + + 
+ COMMAND Pr F § &© + SB + &@ ++ B & 2B § LT ¢ QDS 
{RESTORE | 0 ? O | O f 1 } RTS! RTA E RTI t RTO ET 
!SEEKSCOt OEE oA $4 ERTS | RT@ ERTL E RTO! 
{RD GECTOR | 0 | O } 1 $ 0 | 0 ¢ O TLNGTRTY! 
! WRT SECTOR | 0 ? O ft 1 $ 1 + O | 0 ¢ LNGERTY! 
1 FMAT TRACK | 0 ? 1 1 0% 11031004 0% 
[RD VERIFY : 0 } 1 1 0 1 0 $ 0 t © t O TRIV! 
DIAGNOSE =} 1 $ Of Of 1tOtotorot 
1 SET PARAM ? 1 7 0 $0 ? 4 «$04 0% 08214 
4+—-———————-— ~~ +--+ + ~~ — — — + 


FIGURE 5-3 — 
WOSO10 COMMAND SUMMARY 


FOGE le 


Pi 
| 
Ww 
i 
i 


where: Drive stepping rate - refer tc Figure 5-4 


Z 
i 
} 
ra 
T 


Nermal medes normal ECC functions are performed 
Leng mode, the WD5010 is inhibited from generating 
er checking the ECC bytes. The WDS010 will append 
the additional bytes supplied by the drive (read) 
or system processor (write) to the normal data 
fieid. 


| 
= 
i 


©O = Error retries and ECC correction are enabled 
1 Retries and ECC correction are disabled. 


RTY 


2.2.3 COMMAND DEFINITION 


The following prevides a brief overview cf each command. Additicnal 
information is centained in the WDLOQO06—-WAH control precessor firmware 
descriptian and in the WD5910 specification. Aqains it shauld be 
remembered thet the WOLG06-WAH dees mat allow ail WDS01060 commands (and 
commev.c attributes) te the hast -— the commands are required te be in the 
format given in Figure s-3. 


RESTORE 

A ’Scan ID* command is issued ta the WDS010 and (1f good) a seek command 
te cylinder O i¢€ issued. If the scan command errors a ‘Restore* command 
ic 1asesued te the WDSG10. During a “restore’s step pulses are issued tea 
the selected drive until the Track 000 pasition flag from the drive is 
asserted. The restcre step rate is geverned by the drive seek complete 
Signal. The command will abort with the error summation bit set in the 
status register and a track O error set in the error register) if the 
pesiticn flag i¢ not asserted within e047 step pulses. 


SEEK 

The seek cammand positions the drive heede aver the cylinder specified in 
the task file cylinder select registers (HDCLH/L). The step rate is 
specified by the RT3-9 command parameter bits (and when used fer a restore 
prevides a faster cperation). The controller pricriaty interrupt is 
generated on cammand cempletion. The buffered seek operatianal mede is 
supported. 


READ SECTOR 

A number of sectors (1-256) are read from the selected disk. If the drive 
is not pasiticoned at the specified cylinder an implied ‘seek’ will occur. 
Drive furnished ECC check bits will be used if the ‘read long’ mode is 
specified. Data errors will be corrected if retries are enabled and the 
lteng mode is net selectez. Uncerrectable errors will net intitit tre 
Cerrer sector) data transfer, however multi-sector transfers will be . 
terminated. The controller interrupt will occur as each sector is ready 
for system input. . 


WRITE SECTOR | 

A number of sectors (1-254) are written ta the selected diek with an 
implied seek occurring if required. Multiple sector write (and read) 
operations may crees track and cylinder beundaries. System preocesscer 
supplied ECC bytes will be appended in the ‘write long’ made. The 
interrupt is generated as the data for each sector is required (except the 
first). The first deta buffer is output by the system precesesr after the 
command has been issued and the data request status bits ic on. 
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FORMAT TRACE. | 

The track specified by the task file is formatted with identification, 
date and check fields in accordance with the interleave table transferred 
tc the sector buffer. The sectcers per track and sectcr size are specifie: 
in the task file. Command completion wili leave the data field 
initialized to ‘zeras’. The completion interrupt 16 generated as each 
track is formatted. 


Reac VERIFY 

The read verify command functicns similar to a normal read command except 
thet data is not input by the eyetem precesser. The ECC bytes are checkex 
for data verification. Multiple sector operation 1s sSupperted. 


DIAGNOSE 

The diagnase command causes the WD1015 to execute it’s self test routines 
and te repert a result descriptor in the error register (HDERR). Refer tx 
Secticn 8.O for a test descripticn. 


Sci FAASMETERS 

The set (drive) parameters caommamd transfers the maximum sectors per trac} 
(HDOSCT reqister) and maximum heads per drive (HDSDH register) ta the 
centroller for each drive. The drive parameters are used by the WD1015 Ci 
during multi-sector command executicn. 


dele? STEP RATE 


0) 


The etepping rates fer the enceded contre] bits (RT3-9) used with the 
*restcere* and ‘seek* commands abave are shown in Figure 5-4. 
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te nnn nnn ree + 
' RTS-O |: RATE ! RT3B-G ! RATE ! 
‘DECODE(H)!: (MS) : DECODE ! (MS 
O © us } 8 ' 4.00 $ 
1 ; 0.50 3 9 : 2.50 3 
4 2 . $200. 4 A : §.00 3} 
3 4.50: 4 B : 5.50 | 
4 ' 2.00 3 Cc 6.00 $! 
4 S : 2.50 $} D tf 6.50 } 
& : 3.00 !} E ' 3.2 us ! 
: 7 : 3.50 ! F ' 16 us } 
$a an nnn nnn eee eee eee + 


FIGURE 5-4 
DRIVE STEFPFING RATES 


NOTE: Rate decedes O(H)s ECH) and FCH) are per the WDS010 epecification. 
The step rate will default to 6.50 MS if not initialized by a previous 
seek or restore command. 
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5.3 wbdi006 CONTROL AND STATUS REGISTERS 

=.3.1 HARD DISH ALTERNATE STATUS REGISTER (HDASR) 3SF6/376 (RG) 

Thie regieter is contained within the AMAC array and provides fixed diek 
status ta the system processor. The register contains a ‘real time’ 


section (bits 7; 6; 3 and 1) and a ‘register’ section set by the control 
precesscr at sector transfer time (bits 5, 4, e and O). 


FIGURE 3-5 
ALTERNATE STATUS REGISTER 


woiere: 


BEY = Controller Husy Flag 
RDY = Ready frem selected drive 
WFT = Write Fault Flag from WD1015 


SKC = Seek Complete Flag from WDi015 
DFO Data Transfer Request Flag 

CRD = Corrected Data Flag from WO1IO1S 
IDX = Index Fulse frem selected drive 
ERR = Errer Flag from WDIO1S 


This register reflects the same status as the WDS010 setatus register 
except for bit position 1 where the crive index signal replaces the 
cemmand in pregress (CIF? flag. It should be remembered that the index 
bit is not latched and thus follows the drive control signal 
Cappreximately a 209 micresecend pulse every 16.7 milliseronde). For 
milti-sector reed coneratians the reported eectar number (flagged by the 
cerrected data status Bit) wili be the ‘error sector plus one’*. All othe 
error canditions wili report the ‘error sector’. 


The register may be interregated By the host processcr at any time witheu 
interference with other control functions. 


5.3.2 HARD DISK DIAGNOSTIC INFUT REGISTER (HDDIR) 3F7/377 (RO) 


The fixed disk diagnestic input register reflects the current state of th 
fixed disk drive select, head select and drive write gate signals 
(comrlimented form). The head select bite are controlled by the WDIOIS 
and are thus valid only fellowing a commands; i.e.» they de net fellow the 
SDH register directly. : 


FIGURE S-6 
DIAGNOSTIC INFUT REGISTER 
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where: 


WTG- = Write Gate on 

HSS- = Heed Select 3 (ar Reduced Write Current Flag) 
HSe-/O- = Drive Head Select (binary) 

DSe-/i- = Drive Select 


5.4.3 HARD DISK AUXILIARY CONTROL REGISTER (HDFDR) 3F6/376 (WO) 


The Hard Diek Auxiliary Control Register is contained within the AMAT anc 
is used to allow programable controller reset and tc provide 
enable/disable centrel of the fixed disk pricrity interrupt. 


+————————-————- —-— — - - — — — + 
© F + 6&6 $§| BS | && §| |B +t @ ft 1 ¢ O 4 
; +———-—-—-——-—-—-—-—--——--—-— — — - - — + - - - - - - - - - - - - - + 
; O $+ O + O +: O $$ O | RST } IDS + O 3} 
+——-——---—-—-—-—-—~-—-~—--—-—- —-- - - - - -— + 


FIGURE 3-7 
AUXILIARY CONTROL REGISTER 


where: 
RST = Frogram controlled (master) reset 
IDS = Det= Transfer Interrupt Diseble 


NOTE: The sceftware controlled reset bit (RST) will maintain the fixed 
dist section lagic reset as long as the bit is en. The bit must be turne: 
on (for a minimum ef 10.0 microseconds), then off, ta camplete the reset 
fFfuncticn. 


Additicnally, it sheuld be neted that the interrupt disable control bit 
dees not clear the interrupt level in the disabled state. A pending 
imterrupt will occur when the interrupt is agein enablec. The interrupt 
i= disabled following a system master reset. 


23.4 DATA REGISTERS 
5.4.1 FIXED DISK DATA REGISTERS 


The contreller reserves system I/0 address 1FO/170(H) for fixed dist: 
pregrammed 1/0 data transfers and all system bus data transactions betwee 
the contreller and the system processor at this address use the 16-bit 
word transfer bus mede. The controller (and AMAC array) provide read and 
write data ‘pipeline’ registers to allow the sectcor data memory to 
function as a dual port memery to Saprect the i:1 interlezve fermst erd 
multi-sector cperationse. For write operations (system ta controller date 
transfers) the most Significant byte (SD1i5/08) is written directly to a 
S8-bit storage register, while the LSB (SDO7/00) is written to the AMAC 
*past-write® pipeline register. The AMAC legic then writes bath 
registered bytes tao RAM in the interval between I/0 cycles. 
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For read data transactions, the AMAC legic ‘prefetches’* the first data 
bytes tc an internal AMAT register and external upper byte register. The 
first heet input tranefers date from these registers and initiates a 
prefetch cf the next two bytes. Subsequent syetem read operations will 
transfer the MSE from the controller register and the LSE fram the AMAC 
register and autcematically prefetch the next bytes. The use of the 
pipeline registers permits memory access sharing between the hcst and the 
WDSaI1G. 


When the ‘lang”® read or write mode is used the additicnal bytes must be 
transferred ta or from the sector buffer using the system processor byte 
1/0 mode. Refer to Figure 5-8 and 5-9 for a diagram of the read/write 
data transfer path and fixed disk data format. 


SYSTEM 
<{----- SSS Se +—--—---— > DATA BUS 
' H SDiS-SboOG 
$— ee ee + 4+—-—--—--—-—--—---- + 
| CONTROLLER  ; H AMAC > 
> PIFELINE FIFELINE : 
; REGS (15-08): ; REGS (07-00); 
+——————-—-—-—-—--~— + +—-—-——-—-—-—-—- --- + 
' +——-———-—--—--—----- + : 
H H BYTE t H 
a e TRANSFER jt<-?i 
' H GATE H H 
é } +-—------------ + H 
+—-—--—-—-—-------- + +————--—-—--—--—----- + 
: -UPFER 1 : LOWER i 
: (MSE) BYTE | + (LSE) BYTE H 
H MEMORY ' ' MEMORY H 
+——-———-——----—-— + +———————-—-—-—-—-—~— + 
FIGURE 5-8 
R/W DATA TRANSFER FATH 
$—-—~——— — —- — ee ee —+ 
H ID ; WORD 000 :; WORD O00 |} + WORD e535 ! WORD 255 : CHECK : 
; FIELDS : LSB H MSE i H LSE H MSB : FIELDS } 
Taranto tanta emanate ae need eee aan oon eo eee toon eee Ten eeenia + 
FIGURE 5-9 


FIXED DISK (WORD) DATA FORMAT 
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S.5 SYSTEM INTERRUFTS 


The centreller requests fixed disk read/write data tranefers via a system 
imterrupt (IR@14). The interrupt level is set by the WD1015 and will 
interrupt the system precesscar when the level is enabled (bit IDS in the 
auxiliary control register HDFDR reset) and the controller is not busys 
1.@., a read sector is available for hast transfer or awrite sector is 
required. The interrupt level clears on any command from the system 
precesscrs programmed reset cor master reset. 


S.6 WD1015 COMMANDS 


The WD1015 communicates with the AMAC support logic via a set of R/W 
commands at pre-set addresses. The commands are used internal to the 
controller anly and are net available ta the system processor. A 
descripticn of each command 15 given in the AMAC specification. 


+——-——-——---——— — — ~~ —— - — — + + 
» ADDRESS 3: R/W : COMMAND 
+ nr cnc ' 
: eo © R/W 1 Host memory address black counter! 
: el » K/W : WDC memcry address block counter |: 
; re en >» W 3: Ciear host memory address counter! 
: ec © RR | Set sleen mede (clear bueyv) ' 
i 23 © W : Clear WDO memory address counter 3 
H 23 © RR ¢ Set 7 byte ECC mode H 
24 : W | Set data request latch q 
H oo ; R «+ Set interrupt ‘ 
i a : W : Set read mode i 
i a » RR 3; Set memory prefetch i 
i 26 : W +: Set multiple sectcr made i 
; es > R +: Clear multiple sectar made : 
i ai > W i: Set sector block counter 
i ed : F | Set idle meade i 
+——-——-—~--——--—~——— —- —- — —- - —- — -— — - - - + 


FIGURE 53-10 
CF SUPFORT COMMANDS 


Addresses O00-O070H) and 10-17°(H) are reserved for CF communication with th: 
AMAC and WDS010 task file registers respectively. Address range 30-3F(H) 
is reserved for special IDE and command centroal. 


NOTE: The two high order address bits are not used in the AMAC address 


Gecede of the WIiGiS supro7t commands. For exansle, ttn "Fat Mtettinie 


Made’? write command (26 hex) may appear in some of the referenced 
documentation as with the high order bits on (E& hex). 


we? BLOCK CONTROL 


TO BE SUFPLIED 
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6.0 LOGIC DESCRIFTION 


This section is intended ta augment the descripticns cf Sectians 4 and 5 
with a more detailed description of the cantroller legqic with reference tc 
the WD1006 schematic diagrame. It i¢ assumed the reader ic familiar with 
standard TTL components and conventicnal logic symbols. Further, it is 
necessary for the reader to be familiar with the referenced VLSI 
components (WDSOL1G, WOi015, AMAC and WD10CcO). 


6.1 SIGNAL CHARACTERISTICS 
6.1.1 LOGICAL NOTATION 
Pasitive logic notation is used threughcut and all sSignale which are 


active in the low state have the negation symbol (SIGNAL-) and are 
identified with the low state drawing identifier bubble; far example: 


4+ — — — a nn renee S aaastaeheaehentnnienimeneknetenstentantenteet erie teetenteetentententoed + 
' FUNCTION $ DEFINITICN 
; ' ELECTRICAL ! LOGICAL :33 STATE : 
* SIGNAL } H ' 1 TRUE ' ACTIVE, ASSERTED H 
: L ' OQ FALSE $3 : 
' CIGNAL- } L ' 4 TRUE ' ACTIVE, ASSERTED 
: : H ' OQ FALSE 3 ; 
+———— — — — — — -— -— -— — -— - - - - - - nnn rn nnn + 


NOTE: The system bus signals which are active in the law state are shown 
with the negation symbol preceding the term (-SIGNAL). The controller 
legic diagrams follows this convention fer system bus signals only. 


é,1.€ ELECTRICAL DESCRIFTION 


Siqnais that have the negation symbel have a logical/electrical relation 
that iss 


+——-—-——-——-—-—-—-— — — —-- — —-— — - - —-- - —-- - —- + + 
+: LOGICAL | ELECTRICAL : ' 
> STATE }$ STATE ' RECEIVER DRIVER — : 
H O : H = TTL HI STATE ! S.25v>H>e2.00v ! S.PSv>H>e2.40v 
H 1 i L = TTL LO STATE : O.80v>L>0.50v ! O.50v>L5>G.00v |} 
+————-————- —-—--—- —- - — —- —- - —- -- - - - - - — - + 
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and signale that do net have the negation symbel have a legical/electrical 
reletion that ie: 


+——-——-—-—--~--—-—-—-—-—-—-—— — -— — - - — - - - — - + 
+ LOGICAL | ELECTRICAL ' i 
: STATE |! STATE : RECEIVER : DRIVER : 
i Q © L = TTL LO STATE {| O.8Gv7L>0.00vV $: O.50veLz0.00v | 
i i 1 H = TTL HI STATE (1: S.e€SveHee. Gov 1: GS.chwtHie. agave | 
+—————-—-—-—-—-—-—-— - -—- - -- - -— — - —-— - — - — — + 


6.2 WD5010 WINCHESTER DISK CONTROLLER 


The WDS010 Winchester disk cantreller device is shown on sheet 4 A 
complete description of the device and it’s I/0 signals is cantained in 
the referenced documentation. Tt 1¢ important ta nate that the device 
Geta bus (WD7-O)- register file address; chip select and read/write . 
strebes cennect directly te the ANAC where all Bus switching. address 
selections etc. 15 controlled. 


The WDS010 accesses sector data memory via bus control and access 
arbitration legic in the AMAC device. Connection to the WD10C20 
reed/vrite certreller jie cavered in the referenced WDIOCES decumentation. 


6.3 WD101is BUFFER MANAGER CONTROL FPROCESSOR 


Frimacy contre] is pravided by the WD1915 cantrol procesecr (see sheet 
=). The WD1015 can eccess registers in bath the WD5010 and the AMAC arras 
and functions primarily te aid in the execution of hast generated 
commands; in management cf the sector data buffer addressing and in error 
recevery procedures. The control precesscer alse performs several module 
seli-tests following 4 ‘diagnese* ccaommand,s master reset or programmed 
recet (refer ta Sectian 8.0). 


The precessor input port (pert 3) allows firmware interrupts fram the 
WDOS0O10 eperation completion signal (INTRO) and buffer request signal 
(BDRQ), the drive write fault signal and by the AMAC generated ‘wakeup’ 
Signal (WAUF). The cutput port (pert 2) is used ta select the drive 
read/write head (HSEL3-0), ta communicate with the WDSO0O10 (BRDY and WF), 
to drive the activity indicator and to allow firmware enable/disable 
control of the drive central signals. 


All processor program code and program-related data is stored in internal 
WDiGiD ROM ana Ream. The mecule RAF sector dete Bbuffe. is rvrezrl icted tea 
disk read/ write data and the WD5010 ECC correction process’ 1-@., it is 
net used to store WD1015 program variables. The firmware descriptions ar 
listings are containec in separate WD1015 and firmware ‘pretecel*® 
specifications. 


6.4 WD10C2O READ/WRITE CONTROLLER 


Reed dete/claock seperation and w-ite data pre-compensation is accamplishe 
by the WD10CeD read/write ceontreller. The controller is shown on sheet 4 
ef the legic diagrams. The WO10CEO and all asseciated components have 
their value and beard positioning defined by a WD standard cell (see 
referenced documentation). 


6.5 BUFFER MANAGER GATE ARRAY 


The WD12C00-e2 gate array logic is shown as a single legic black an eheet 
a. The primary functiaon of the AMAC lagic is to provide hast address and 
command deceding,s task file control and status image registers, data 
transfer pipeline registerss bue cantroals and sector data RAM address 
control (see Figure 6-1). 


<a Sa a eS nae ee ee ae ee ee ee ee ee > SYSTEM ADDRESS BUS 
[see > an Se ee Loree SS Sas er aS ¢ SYSTEM DATA BUS (07-00 
ae ge ea fee re a ee 5 ere ee ee a eas > SYSTEM CONTROL BUS 
+—--—-——-—-—------ + +—-—-———------- + +-—-—--—-—------- + 
: ADDRESS/ ; CONTROL | : DATA 
© COMMASND 1 @ND STATUS | : FIFELINE 3 
» DECCDING |: : REGISTERS | » REGISTERS 3 
+———— + +—--—-——-—--—--- + +——~—-—-—------- + 
i i ’ 
pe eee ee ae ess gee re a t—-—--i----> MODULE CONTROL SIGNALS 
rer ee ere (SSS r—-—-i----» MODULE CF DATA BUS 
ee ae ee Aa a ec a a +-—-—j----> MODULE WDC DATA BUS 
eee eee eae oe ee ee +----> MODULE MEMORY BUS 
+—————-—------ + 
RAM 
+ ADDRESS a >» TO SECTOR DATA BUFFER RAM 
: COUNTERS i; 
+—————-—-—-—-—--— + 
FIGURE 6-1 


AMAC BLOCK DIAGRAM 


6.5.2 ADDRESS DECODE 


The AMAC device addrese and command deceding range is externally selectec 
by the decode PAL and jumper select shown on the left pertion of sheet 3. 
The deceding legic centrals the hest task file and auxiliary register 
address ranges (1F0-7/170-7 and sF6-7/376-7). Individual register | 
deceding is provided internal toa the AMAC. : 


6.9.3 TASK FILE REGISTERS 


The contreal and status task file registers within the AMAC are an image c 
the normal WDS010 registers. The hest has access te the AMAC registers 
(only) while the comtrel precesser can access both the AMAC and WDS010 
register set. 
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é.5.3 DATA FIFELINE REGISTERS 


The lawer byte data trensfer pipeline registers for Bath hoet and WDC 
input prefetch and cutput postwrite are included in the AMAC. These 
regieterse (Cand their externai upper byte equivalent) with their assaciete: 
control legic allcew the medule to perform the concurrent hest and WDC dat: 
memory access necessary for multi-sector 1:1 interleave operation. This 
necessity requires the AMAC ta arbitrate simultanecus hest and WLC 
requests and te gate the appropriate address counter to E€:.ternal memory. 
See Figure 6-2 for a simple timing and arbitration illustration. 


MOST CONTROE cise seg ee chet Le eee eee 
STROBE IOR-/W- © (A) 


WDC DATA XFR _. 
CTROBRE FRE-/W- ' (B) 33 


MEMORY CONTROL 2 
STROBES OE-/WR- ( (A) } 1 (Bf 


FIGURE 6-2 
AMAT TIMING ILLUSTRATION 


(The timing eof the two AMAC generated strobes is controlled by a clocked 
sequencer that resalves pricrity (in favor of the hest request) and 
generates the external memery (Cand byte transfer gate) control signals. 


6.5.4 MEMORY ADDRESS COUNTERS 


The RAM address counters (hest and WDC) are sequential 14-bit counters 
with the multiplexed high erder 13 bits addressing the two BE controller 
memories (the lew arder byte centroel is provided by the AMAT internal 
legic). 


6.5.4 AMAC EGUATIONS 
Refer toa AMAC Engineering Specification 
6.6 SYSTEM BUS INTERFACE 


Sheet 3 shows the system bus address; data and control interface signals. 
Tt if particularly important tc nate thet the I/Q adcre:zc lines (S407-07° 
and the address central signal (AEN) cannect to the address decade PAL fc 
medule selection and lines SAD and SA2-0 connect to the AMAC for 
individual register addressing. The low order data byte (SDO7-00) 
cemmscts directly to the AMAC and the device provides the necessary bus 
drive current. Figure 6-3 illustrates the I/Q read and write signal 
relationship. The signal timing specification is included in Section 9. 


FASE ee 


SACG-O1 eee ee ge ean pease! 


SAO ee Yeees 

~IOR/-IOW ©) Me ens engi teen Y a 

“YOCSiG- =o ~~ eee | ns 

READ DATA ----====aaa==a === NCES eee 

WRITE DATA ~=-n-====-===- === ae 
FIGURE 6-3 


SYSTEM BUS SIGNALS 
PROGRAMMED 1/0 CONTROL 


6.7 Fiaeo DISi DRIVE INTERFACE 
Greete 4 and 5 shew the data and contral interface ta the dict! drives. 
6.7.1 CONTROL INTERFACE 


The conmtro]l input signals (sheet 4) ere terminated with standerc 2826/3930 
chm line terminators and buffered by 74LS14 Schmitt Trigger inverters. 
The Index,s Seek Completes, Write Fault and Drive Ready siqnals connect ta 
the WDEG10 and AMAC for control and status information. The drive 
cylinder pesitianing control signals (STEFP- and DIRIN-) are cutput by the 
WOS519 and buffered by 7406 copen-collector drivers. 


Sheet 5S alsa shows the drive select, drive head select and write gate 
centcoi drivers (type 7438). It shoule be noted thet the cantrol drivers 
cen be disabled by the contral processor aor by a module recet canditian. 


6.7.2 R/W DATA INTERFACE 


Ul and Ue are the differential data drivers and receivers for each of two 
drives and connect te seperate radial data cables - refer ta WD10CeO 
decumentation for @ complete descriptian of the fixed disk reed data 
separation and write data precompensation control. 


6.8 BUFFER MEMORY 


The FAM data buffer memory is shown on ehect 3. The RAM add-esce 1s 
provided by the multiplexed cutput of the hast and WDSO10 address ccunter 
from the AMAC. The RAM chip select inputs (CSi- and CS2) are always 
enabled with the RAM write and output enable signals generate: By the AMA 
legqic. : 


6&.9 CLOCK OSCILLATOR 
The WD1015 and WDiOC2O clack inputs are driven by a 10OMHE crystal 


escillatar (refer ta sheet 5). The WD10C2&O0 generates the WDSG10 
coentreller S MHE write clock input. 


Tl 
Dp 
"y) 
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&@.10 MODULE RESET CIRCUIT 


The module pewer an and low VCC moniter reset control circuitry is shown 
en sheet 3. Resistor Ril and Zener dicde Q@3 set the low VCC trip point at 
appromMimately 4.4 velts. The AMAC lagic includes a clocked delay counter 
(approximately 12 milliseconds at a 10 MHE input) te previde an adequate 
power on reset interval and to insure the module clock is operative. 


6.11 LED DRIVER 

The LED (activity) indicator driver and connector are shawn on Sheet 4. 
The driver is contrelled by the WD1015 and indicates controller activity. 
A current limiting resister on the controller limits the indicator current 
to approximately 20 milliamperes. 

6.12 BIOS ROM OPTION 

TG BE SUFFLIED 

6.13 WAIT STATE CONTROL OFTION 


TO BE SUPPLIED 
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7.0 INSTALLATION 


The contreller medule may be installed in any suitable FC elect that 
prevides both the Fil and Fe connectors. 


7.1 MECHANICAL 
Figure 7-1 illustrates the general medule IC placement and approximate 


drive cennecter locations. The moedule dimensions are 12.12 by 4.2 inches 
and a meunting bracket is included. 


SSS SS SS SS SS See Se See Se aS a SS SS See + 
SSS SS — f= + Po +--+ Pi $---+— 
Pa Seo $0 be mr nnn + 
FIGURE 7-1 


controller MODULE LAYOUT 


7.2 ADDRESS SELECT JUMPERS 


The medule primery address range (1FQO-1F7 and 3F6-3F7) is factery selecte 
by circuit etch at address jumper positions W31-W3e. The secendary 
address range (179-177 and 376-377) is selected by cutting the circuit 
etch and adding & jumper tec positions WSe-W3s. 


7,3 MODE SELECT JUMFERS 
7.3.1 DISK DRIVER CONTROL 


Module jumper position W41-W4e enables the drive control drivers only whe 
the WD1015 asserts the active signal or when the host reads the controlle 

etetus or diagnesetic resisters. Fesiticene W4e-W43 enablee the drivers i- 
all cases except reset. | 


7.3.2 DIAGNOSTIC REGISTER LATCH CONTROL 


Jumper pesitien W101-W1i02 enables the diagnostic Digital Input Register ? 
eperete in the nen-latched maedes i.e.,; the register outputs are allowed ¢ 
follow the inputs. Fosition Wi0e2-W103 latches the input signals 
(preventing cutput change) when the register is read. 


alt ae balay ae attendant We! Sastedtlaate al Ltd tlle ae at fy aut Abe nde bade asa 


7.ae-3 WDiI01S MODE CONTROL 


Jumoers W771; W7e, W7S, W31. WSe and W83 are used tc provide two external 
mode selects ta the contrel precesser. The medes are not currently 
defined. 


7.3.4 HEAD SELECT/RWC CONTROL 


The heed select 3 cutput is contrelled Ey jumper peeition Wil-Wie and ie 
required for 16 head drives. Position W1ie-W13 cutpute the WDS010 reduced 
write current signal on the same control connector pin. The 16 head mode 
is factory selected by circuit etch at position W11-Wile. 


7-324 I/0 Channel Wait State Control 


Jumper pesitions Wel-Wee, Wes-We4 and Wet-Wed are used to select 0, 1 or ¢€ 
bus wait states for the 16-bit 1/0 data transfers. The wait state 
generator 1s timed by the system bus clock. 


7.3.6 BIOS ROM TYFE SELECT 


Peeition W91-W9e is used to select BIOS ROM type 2716. Jumper WI2-W93 is 
factory selected by circuit etch for types 2732 and 2764. The ROM socket 
1¢ designed tc accommodate any of the three types. 


7.2c.e7 BIOS ROM ADDRESS MAF SELECT 


The FOM system memcery map address is selected by jumpers WSi-WSe and 
W61-Wée as inputs te an addrecs decode FAL - see referenced FAL 
epecification fer decede equations.) | 


7.4 MOUNTING BRACKET JUMPER 

Jumper connection Wili-Wile is pravided ta allow grounding of the medule 
mounting Bracket te board legic ground. The jumper is not installed at 
the factory and is not normally used. 
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8.90 TESTING 
8.1 CONTROLLER SELF TESTS 


The encoded result desriptere for each contreller self test are shown in 
Figure 8-1. The contreller error register HDERF (hex address 1F1/171) is 
used tc report the test result. The tests are executed following the 
"diagnose* command cor any reset. 


The tests verify the WD1015 firmware checksum, the WO1015 RAM memory, the 
sector buffer RAM memery and the WDS010 and AMAT data paths. System bus 
er hest interactive tests are not included. 


Nc Errors 


¢ § C 
n 


Controller Error ) 

O23 Sector Buffer Error H 

OG AMAC Device Errer H 

H 0S : Control Frocessoar Error H 

+ O6-FF i¢ Undefined ; 

th a a a in a ee ee ae ee ee ee eee + 
. FIGURE 8-1 


SELF TEST ERROR CODES 


wheres G2 = WDIGIS/WDSO10 register accees Error 
O3 = Sector buffer data erroar 
O06 = WOLCIS/AMAC register access error 
WD1i01S5S ROM checkeum errear 


2 
cn 
nt 


WwD101S RAM data error 
8.2 SYSTEM TESTS 
Medule saftware tests designed tc operate in the PC-AT system are net 


covered in this document. These tests would include the WD HDT/DAD 
diagnestic tests or any hest test scftwere. 


S.0 GENERAL SFECIFICATIONS 
9.1 FOWER AND ENVIRONMENTAL 
G.1.1 Fower Requirements 


+5 VDC +/-— 5.0% 
+12 VDC +/- 10.0% 


9.1.2 Environmental 
Temperature 
Operating 
Non-cperating 
Humidity 
Operating 
Non-eperating 
Sheck and Vibration 


Shock 
Vibration 


mAlititude 
Operating 
Non-operating 
G.2 FIXED DISE 
9.2.1 RECORDING SFECIFICATIONS 
Enceding Methed 
Data Rate 


Sector farmat 


Drives supported 
Heads supperted 
Tracke supported 
Hard Error Rate 
Seft Errer Rate 


Seek Errer Rete 


10 ta 5O degrees celsius 
-40 to 60 degrees celsius 


Q% ta 85% non-condensing 
wa to ISA non-condensing 


35G/20MS square wave maximum 
1G/0-600Hz, dwell not to exceed 
30 secends at (any) rescnance 


oO tc 3000 meters marimrum 
O ta 5000 meters maximum 


MFM 

2eQ MES 

wile bytes/sector, i7 sectors/tract 
soft sectored format standard, 1c€ 
P56 and 10284 bytes/sectar 
available 

2 maximum 

16 maximum 

32,768 maximum (2048 cylinders) 
less than 1 per 19(E1e) bite read 
less than 1 per 10(E190) bits read 


less than 1 per 190(EG&) seeks 


9.2.2 FIXED DISkE READ/WRITE CONTROLLER SPECIFICATIONS 
Maximum Acqusiticn time le usec a~2 5.0 mbe/sec 


35 db 9 @.5 MHz 


Jitter rejection Y 
> 40 db when tracking 


Bit Error Rate <10(E10) 


Bit Jitter Tolerance +/- 34 nsec 
W/C Asymmetry Mareain +/- 29 neec 
Kd-Pump Output 4/2 ma at pump pin 
Ka-VCO Gain | 2A per volt 


9.2.3 EFROR CORRECTION SFECIFICATIONS 


Method Polynomial division 

Degree ; 3e 

Perwe -d pelynomiel LOSS te Foes S Aes Shoe oe LS 
X10 + X¥"O06 + X"O02 + 1 

Reciprecal polynomial X*3e + X*3O0 + X*26 + X*LP + X*15 + 


X"13 + X*06 + X*04 + 1 


Record length (r) ~i6 X 8 bits standard 
Cerrectian Span (bh) = bits 
Single burst detection span r = =16 X & 

With b= O Se bite 

With b = 5 i9 bits 
Double burst detection span r= 516 X 8 

With b = 0 >3 bits ' 

With b= S 3 bits 
Noen-detection prebability (r = 516 X 8, b = 5S) = @.3(E-10) 
Miscorrection probability (r = 516 X 8, b = 5S) = 1.57¢(E-5) 


Lette Heetunstsumrstsh sell ache! ian ait eyo batahdsti needle tenable anon Uses hier deathbed elt et el tHE te eal diets sede FWPE SNPISES2 CORE VOT Yar EP EEO SON IOS ECO POO TN 1) PS EE Te TREES TT ee peered te : pesiesin CTO OS NOS TTC EO ECO nT PTO VO PR TE TERT PEEP VC OUR aerator carer oe een ee hast CNG CSS ais 


9.3 DRIVE INTERFACE 

Al) centroel and data drivers; receivers and signal terminations are per 
the ST-412 interface specification. Drive attachment is restricted to tw 
unite. Drives with up te sixteen heads are suppertec. 

9.3.1 FIXED DISK DRIVE CONTROL CONNECTOR 

WD Fert No. LE-8ce9S ‘(Berg type 65610-134), Fin 15 polarization 

9.3.2 FIXED DISK DATA CONNECTORS 

WD Part Nc. LE-8804 (Berg type 65610-1200), Fin 8 polarization 

9.3.3 LED Connector 


WD Part Ne. 41-001008-00 (Berg type 65500-104) 


Fregrammed 1/0 ic usec for all fixed disk control and data transactions. 
All data transfers are 16-bits and use the channel ‘fast I/G* protocol. 
All control transfers are 8-bits wide and use the lower bus data byte. 
The medule I/Q primary and secondery address ranges (1FO-1F7, 3F6-3F7 and 
1760-177, 376-377) and pricrity interrupt assignment (IRC14) ere fixed. 


Bus loading for all centroller input signals will net exceed 2 standard 
LSTTL leads in either legic sense. Medule cutput low state sink current 
(Iol) at Vol = 0.4 velts is 12 ma. on all tri-state outputs and 16 ma. on 
epen cellecter cutput -iOCS16. | 


+——-——-—-———-—----—— — - -- - - — - - - - + 
: SYMEGL 1 CHARACTERISTIC » MIN: MAX ft UNIT |! 
: ’ ~Il0CS1& from SAN9-O1 H i 78 ¢: nsec } 
H : -~I0CS16 from SAVO ; > 63 t+ nsec i 
; : +710CSié6é from +IOQR/+I0QW : : 80 ¢ nsec } 
: ; SDiS-0OS from —-IOR : ; oo +: nsec } 
H +: SDO7-00 fram —IOR H >; 85 ¢ nsec }! 
i > SDiIS-O0O8 HIe from +10F : : wo ¢ nsec } 
H : SDO7-00 HIz from +I0R : 1 87 $+ nsec |} 
; { SD15-00 setup ta +I10V! © 690 3 > nsec } 
H : +IQW to SD1iI5S-00 Hie Chold time) ; 50 3} i msec ! 
: : -IOR/-IOW pulse width (16 bit I/0) !: 1460 } : msec } 
H | -ICR/’-IQ% pules width (8 bit I/O} tC Sa tomee- ' 

3 ; +I0F/+1I0W to -IOR/-IOW (16 bit I/0) !} 375 3: | ; nsec ! 
+——-—-—-—-—--— ----— - — or rn an + 


PiIcurRe. 9=1 
SYSTEM BUS TIMING CHARACTERISTICS 
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&. SYSTEM BUS CONNECTOR Fi 


Fine 


medule component side tea 


and signal¢ are viewed ae locking 


RO1 
ROe 
BOS 
BG 
BOS 
ROS 
BO7 
BOR 
RO9 
Rio 
Bil 
Rie 
Ris 
Bi¢ 
Ris 
Bic 
B17 
B18 
oa 
Re 
Be i 
Ree 
Bea 
Be4 


wend 29 
romana 


Bes 
Re? 


Res 


Bes. 


B30) 
B31 
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GND. 
RESET 
VCC 


+12VDC 
GND 


—-SMEMR 
—TObW 
SLT 


the right. 


Gown 


AO1 
Ao2 
AOZ 
AGS 
AOS 
AQS 
A07 
ACS 
AO? 
A10 
Alt 
A12 
A13 
A14 
A1S 
A146 
A17 
A18 
A19 
Azo 
A21 
A22 
A23 
A24 
Aes 
A226 
A27 
Aes 
A29 
A206 
A31 


at the connecter with the 


SDO7 
SDG6 
SDos 
SDO4 
SDO2 
SDOe2 
SDO1 
SDOO 
I/OCHRDY 
AEN 
SA19 
SAi8 
SA17 
SA16 
SA1S 
SA14¢ 
SA13 
Seite 
SA11 
SA10 
SA09 
SAB 


KE. SYSTEM BUS CONNECTOR Fe 


Fine and signals viewed as leaking dewn aon the cennectcr with the module 
compenent side ta 


DO! 
Doe 
Dos 
DOS 
DOS 
DQ6 
D7 
DOS 
D99 
D1i0O 
Dili 
Die 
Dic 
[Dls 
Dis 
Dé 
Di7 
Di8 


-1/0CS16 


IRQ14 


VCC 


GND 


the right 


Col 
Coe 
Cos 
C04 
Cos 
CO6 
Co? 
Cos 
C09 
Cia 
Cii 
Cie 
Cis 
Cis 
Cis 
Cié 
C17 


Cis. 


SDos 
SDOa9? 
SD10 
Soii 
SDie 
SDis3 
SD1i4 
SDis 


C. FIXED DISK DRIVE CONTROL CONNECTOR J5 


Drive control cannecter viewed ace leoking at the connector from module 
component side. (WD connecter type LE-8805) 


O1 GND o2 HS3- 
O03 GND 04 HSe- 
GS GND Oo WG- 
O7 GND og SC- 
OS GND 10 TRKOO- 
11 GND : 12 WF- 
13 GND 14 HSO- 
15 KEY 14 RESERVED 
17 GND i8 HSi- 
19 GND 20 INDEX- 
21 GND 22 RDY- 
22 GND 24 STEP- 
es GND 26 Dsi- 
a7 GND es DSe- 
29 GND 30 RESERVED 
31 GND 32 RESERVED 
33 GND 34 DIRIN- 

D. FIXED DISK DRIVE DéTA CONNECTORS 34/73 


The drive data connectors are shown as locking at the cennector from the 
medule compenent side. (WD cennectar type LE-8804) 


O1 RESERVED O02 GND 
G3 RESERVED 04 GND 
Oo5 SPARE O& GND 
"7 RESERVED G8 KEY 
OS Nu 10 NL 
11 GND 12 GND 
13 WMFMi/2(+) 14  WMFM1/2(-) 
15 GND 16 GND 
i7 RMFM1/2<+) 18 RMFMi/2<-) 
19 GND 20 GND 


E. EXTERNGL INDICATOR CONNECTOR Jé 
(WO connecter type 41-001008-09) 


G1 LED+ 
Oo3 LED- 


Q2 LED- 
04 LED+ 


